A lthough total hip arthroplasty has been associated with good results in recent years, it can result in serious postoperative complications after long-term followup 1, 2 . Therefore, the benefits of total hip arthroplasty for young patients are uncertain. It has been long debated whether advanced or end-stage hip osteoarthritis in young patients should be treated with total hip arthroplasty or osteotomy. Valgus intertrochanteric osteotomy for the treatment of advanced or end-stage osteoarthritis has recognized benefits [3] [4] [5] [6] . The histological features of repaired tissue following valgus intertrochanteric osteotomy have been investigated previously. In the study by Itoman et al., fibrocartilaginous plugs that were scattered over the exposed bone at the articular surface proliferated to cover the entire bone surface, resulting in improvement of the biomechanics of the hip joint 7 . Hiranuma et al., in a study evaluating the results of Chiari pelvic osteotomy, reported that the interposed capsule became metaplastic cartilage, which offered adequate weight-bearing support 8 . In 1979, we began to perform valgus femoral osteotomy for the treatment of advanced or end-stage osteoarthritis of the hip 3, 6 . We also performed valgus osteotomy in combination with Chiari pelvic osteotomy for patients with severe acetabular dysplasia 3 . In the present study, we reviewed the clinical and radiographic results of combined valgus and Chiari pelvic osteotomies (VCO) that were performed for the treatment of advanced or end-stage osteoarthritis associated with severe acetabular dysplasia of the hip and analyzed prognostic factors that may have affected the postoperative outcome.
Materials and Methods
T he study was approved by our institutional review board (study number B15-191) , and informed consent was obtained from each participant.
Patients
Between October 1979 and October 2002, we performed valgus femoral osteotomy for the treatment of advanced or end-stage osteoarthritis in 218 hips. In 72 hips (67 patients) that demonstrated severe acetabular dysplasia (as indicated by an acetabular head index of <60%, with inadequate formation of the roof osteophyte after valgus femoral osteotomy), the valgus femoral osteotomy Valgus Femoral Osteotomy Combined with Chiari Pelvic Osteotomy for Osteoarthritis of the Hip was combined with Chiari osteotomy. Fifteen hips (14 patients) were excluded from the study because they had <10 years of follow-up, and 3 hips (3 patients) were excluded because of a lack of complete preoperative radiographic records for analysis. We attempted to follow up with 17 excluded patients with use of a telephone interview. We were unable to contact 9 patients but did contact 8 patients. Seven of the 8 patients who were contacted successfully for follow-up did not undergo subsequent surgery (including total hip arthroplasty). One patient underwent total hip arthroplasty 34 years after VCO. Therefore, we reviewed 54 hips in 50 patients (5 men and 45 women) with an average age of 45.6 years (range, 21 to 56 years) at the time of surgery. All patients were followed for a minimum of 10 years (average, 17.6 years; range, 10 to 32.8 years), including hips that underwent conversion to total hip arthroplasty; the average duration of follow-up for the 30 hips that did not undergo conversion to total hip arthroplasty was 16.5 years. Twenty patients had unilateral osteoarthritis, 29 patients had bilateral osteoarthritis (with 4 having bilateral surgery), and 1 patient had ankylosis of the contralateral hip joint. We examined preoperative radiographs and classified the stage of disease according to the criteria described by Takatori et al. 9 . Advanced-stage and end-stage osteoarthritis were determined on the basis of the state of arthritic changes, morphological changes, and loss of joint space. Advanced-stage osteoarthritis was characterized by definite narrowing of the joint space, with a width of <2 mm at the narrowest point. Loss of joint space (with the subchondral bone of the acetabulum being in contact with that of the femoral head) was observed, and the width around the femoral head was >15 mm on anteroposterior radiographs. End-stage osteoarthritis was defined as gross loss of joint space with a width around the femoral head of £15 mm on anteroposterior radiographs. Of the 54 hips that were included in the present study, 33 (61.1%) had advanced osteoarthritis and 21 (38.9%) had end osteoarthritis.
Indications for Valgus Femoral Osteotomy Combined with Chiari Pelvic Osteotomy
The operation was performed in patients <60 years of age who had advanced or end-stage osteoarthritis of the hip associated with acetabular dysplasia. The preoperative range of motion in flexion and extension was preferably ‡60°, with a range of adduction of ‡15°. The femoral heads exhibited a mushroom shape, with hinge adduction observable on dynamic radiographs. With adduction, the lateral joint space was required to open wide in the shape of a wedge. The valgus angle was chosen so that the flattened, previously weight-bearing area of the elliptical head became horizontal. Therefore, the valgus angle was ‡30°. When the acetabular head index was <60%, with inadequate formation of the roof osteophyte after valgus femoral osteotomy, the procedure was combined with Chiari pelvic osteotomy. 
Surgical Technique and Postoperative Management
All operations were performed by 1 surgeon. Until 1996, femoral osteotomies were performed with the patient in the supine position on a traction table, with use of 2 incisions and with incomplete osteotomy of the greater trochanter (38 hips; 70.4%) (Fig. 1) . From 1997 onward, femoral osteotomies were performed with the patient in the lateral position, without a traction table, through an extended lateral approach that was similar to a Watson-Jones approach (16 hips; 29.6%). For that procedure, the greater trochanter was completely osteotomized and elevated. We then proceeded with an osteotomy of the femur with use of an oscillating bone saw. First, the valgus angle was determined by flattening the previous weight-bearing area of the elliptical head to a horizontal position; the resulting valgus angle was at least 30°. Next, the osteotomy site was immobilized with a 130°hip blade-plate. The iliopsoas tendon was released at its insertion into the lesser trochanter. Then, a Chiari pelvic osteotomy was performed for the treatment of severe acetabular dysplasia (as indicated by an acetabular head index of <60% with the hip in adducted position or after valgus femoral osteotomy). If the acetabular head index remained <60% after Chiari pelvic osteotomy, we inserted an autologous iliac-crest bone graft at the acetabular rim (20 hips; 37%) (Fig. 2) . Finally, the greater trochanter was reattached by means of suturing (until 1999) or with use of a pin-sleeve system 10 (Ai-Medic) (Figs. 2 and 3) .
With regard to complications, 2 hips (3.7%) had a superficial infection that resolved with treatment. Two hips (3.7%) in which the joint space was not expanded after the VCO procedure underwent releases of the iliopsoas and adductor muscles at 1 year and 6 years postoperatively. One hip (1.9%) was treated with autologous bone-grafting because of a pseudarthrosis at the site of the femoral osteotomy. One hip (1.9%) was treated with an operative transposition of the greater trochanter and leg-extension operation. One hip (1.9%) had temporary peroneal nerve paralysis after the operation that resolved over time. The frequency of deep vein thrombosis, pulmonary embolism, and lateral femoral cutaneous nerve palsy was assessed by reviewing the medical records; however, because of the incomplete nature of the old medical records, an accurate frequency could not be determined. Two days after surgery, patients began passive and active range-ofmotion exercises and began using a wheelchair. Three weeks after surgery, patients began one-third partial weight-bearing. Five to 6 weeks after surgery, patients began two-thirds partial weight-bearing and were discharged from the hospital on 1 crutch. Full weight-bearing began 3 to 4 months after surgery, when osseous union was expected. The plate and screws were removed 1 to 3 years postoperatively.
Clinical Evaluation
Clinical evaluations were performed according to the Japanese Orthopaedic Association (JOA) hip-scoring system before surgery; at 1, 5, and 10 years postoperatively; and at the time of the latest follow-up. JOA scores range from 0 to 100 points, with points assigned for pain (0 to 40 points), range of motion (0 to 20 points), walking ability (0 to 20 points), and activities of daily living (0 to 20 points). The JOA pain and range-of-motion scores were determined separately for the left and right hips. For patients who were managed with total hip arthroplasty, the hip score was evaluated just prior to the procedure.
Radiographic Evaluations
Radiographic evaluations were used to measure the acetabular head index (expressed as a percentage), the Sharp angle (in degrees) during the preoperative and immediate postoperative periods, and acetabular roof obliquity (in degrees) at 1 year postoperatively. With regard to surgical technique, radiographs were used to measure the height of pelvic osteotomy (in millimeters), the osteotomy angle (in degrees), and the pelvic displacement ratio (the ratio of the displacement distance of the pelvic osteotomy on the anteroposterior radiograph, expressed as a percentage) (Fig. 4) .
Survival Rate
Following surgery, if the pain level increased or if the range of motion of the hip joint decreased to the extent that daily life was hindered, we performed total hip arthroplasty. We calculated the probability of survival of the hip from the time of the VCO operation until the end point of conversion to total hip arthroplasty with use of the Kaplan-Meier method. The 95% confidence intervals (CIs) were also calculated. Furthermore, we assessed the conversion rate of VCO to total hip arthroplasty and the time interval between VCO and conversion to total hip arthroplasty.
Prognostic Factors
To examine prognostic factors, all 54 hips with a minimum duration of followup of 10 years after VCO were evaluated. We investigated several possible prognostic factors of conversion to total hip arthroplasty, including age, body mass index (BMI), affected side (unilateral versus bilateral), range of motion (flexion-extension) on the affected side, presence of a bone cyst (on femoral head or acetabular side), preoperative femoral head morphology (transverse: vertical diameter ratio), acetabular head index, Sharp angle, pelvic osteotomy height, Chiari osteotomy angle, pelvic displacement ratio, the need for bonegrafting immediately after the VCO operation, and acetabular roof obliquity at 1 year postoperatively. *The values are given as the mean and the standard deviation, with the range in parentheses. †The acetabular head index and Sharp angle were determined immediately postoperatively, and the acetabular roof obliquity was determined at 1 year postoperatively. 
Statistical Analysis
The preoperative JOA scores were compared with postoperative scores (at 1, 5, and 10 years and at the latest follow-up) with use of the Student t test. Surgical technique parameters and preoperative and postoperative radiographic measurements were compared with use of the Wilcoxon signed-rank test. The level of significance was set at p < 0.05. We assessed prognostic factors for conversion to total hip arthroplasty with use of the univariate Cox proportional hazards model. Moreover, the multivariate Cox hazard statistical analysis was performed to analyze the significant prognostic factors and the factors likely to be involved in conversion to total hip arthroplasty. Differences were defined as significant when the p value was <0.05. Statistical analyses were performed with use of JMP Pro 12 software (SAS Institute).
Results
T he average total JOA score was 53.0 points preoperatively (n = 54 hips), 77.1 points at 1 year (n = 54 hips), 81.6 points at 5 years (n = 48 hips, excluding the 6 that underwent total hip arthroplasty), 76.8 points at 10 years (n = 45 hips, excluding the 9 that underwent total hip arthroplasty), and 59.7 points at the latest follow-up (n = 54 hips) (Fig. 5) . Over the first 10 years, significant improvement in the JOA score was observed in comparison with the preoperative score (p < 0.0001). Of the clinical evaluation criteria, the pain score improved most markedly. The average total JOA score at the latest follow-up observation (average, 17.6 years) was significantly better than the preoperative score (59.7 compared with 53.0; Kaplan-Meier survivorship curves indicating the probability of survival from the time of the operation until the end point of conversion to total hip arthroplasty.
Valgus Femoral Osteotomy Combined with Chiari Pelvic Osteotomy for Osteoarthritis of the Hip p < 0.05). The average total JOA score for the 30 hips that did not undergo conversion to total hip arthroplasty increased from 54.9 points preoperatively to 72.5 points at the time of the latest follow-up evaluation (p < 0.0001), and this score was significantly higher than the average score of 43.9 points for the 24 hips that underwent total hip arthroplasty (p < 0.0001). The surgical technique was evaluated postoperatively on the basis of radiographic measurements. The mean pelvic osteotomy height (and standard deviation) was 5.8 ± 3.0 mm, the mean osteotomy angle in the superior direction was 1.8°± 8.3°, and the mean pelvic displacement ratio was 40.3% ± 11.0% (Table I) . Postoperatively, the acetabular head index, Sharp angle, and acetabular roof obliquity all improved significantly (Table II) .
Twenty-four hips (44.4%) were converted to total hip arthroplasty. The average period from the initial osteotomy operation until conversion to total hip arthroplasty was 10.8 years (range, 1.7 to 21.3 years). Survival was analyzed with the time of conversion to total hip arthroplasty as the end point; the cumulative rates of survival were 83.3% at 10 years, 59.7% at 15 years, 46.9% at 20 years, and 39.1% at 25 years (Fig. 6) .
We analyzed prognostic factors for conversion to total hip arthroplasty by means of univariate Cox proportional hazards analysis (Table III) . A high degree of acetabular roof obliquity at 1 year postoperatively was found to be a significant prognostic factor for conversion to total hip arthroplasty (p = 0.0084). When we selected the most significant prognostic factor (a high degree of acetabular roof obliquity at 1 year postoperatively) and the factors most likely to be involved in total hip arthroplasty (age and postoperative acetabular head index) to perform a multivariate Cox hazard analysis with forced input, a highdegree acetabular roof obliquity at 1 year postoperatively was found to be a significant prognostic factor (p = 0.0273), whereas age and postoperative acetabular head index were not (Table IV) . A characteristic secondary feature of osteoarthritis caused by acetabular dysplasia is changed femoral head shape, observed as a large capital drop that forms on the posteromedial side, presumably as the result of a biological response to the repair process. Conveniently, the formation of a flat femoral head and a double floor is adequate for valgus femoral osteotomy. The goal of valgus femoral osteotomy is not to achieve joint congruity but rather to induce the body's inherent selfrepair ability by changing the load environment of the hip joint as a result of the hinge adduction position 3, 6, 7 . Several authors have reported satisfactory results after valgus osteotomy for the treatment of advanced or end-stage osteoarthritis associated with acetabular dysplasia of the hip in young patients [3] [4] [5] [6] [12] [13] [14] [15] [16] [17] [18] [19] [20] . For patients with severe acetabular dysplasia in whom acetabular coverage remained insufficient after valgus osteotomy, some of those authors recommended additional acetabuloplasty operations such as a shelf procedure 12, 13, 21 or the Chiari pelvic osteotomy 3 in order to allow further lateralization of the affected femoral head. Our experience suggested that Chiari pelvic osteotomy was more advantageous because it allowed a larger weight-bearing surface to be created with the osteotomized proximal fragment and because it resulted in greater medialization of the hip center [22] [23] [24] [25] [26] [27] [28] [29] [30] than other procedures. Toyama et al., in a study of 67 hips that underwent valgusextension femoral osteotomy with or without an additional shelf procedure for the treatment of advanced osteoarthritis, reported that hips that were treated with an additional shelf procedure (n = 31) experienced longer-lasting pain relief compared with those that were treated with valgus osteotomy alone (n = 36) 13 . We began to perform valgus intertrochanteric femoral osteotomy as well as valgus osteotomy combined with Chiari pelvic osteotomy to treat severe acetabular dysplasia in 1979 3, 6, 31 . Takasaki et al. treated 256 hips with valgus osteotomy, including 88 hips in which valgus osteotomy was combined with Chiari pelvic osteotomy 3 . In that report, the 10-year survival rates for the hips that were treated with and without Chiari pelvic osteotomy were 93% and 87%, respectively; this difference was not significant. This result suggested that, for patients with more severe dysplasia (acetabular head index, <60%), it was possible to achieve similar results with VCO as compared with valgus osteotomy alone.
Discussion
There have been several studies on the use of osteotomy for the treatment of advanced or end-stage osteoarthritis of the hip in young patients. Ito et al., in a study of 32 Tönnis grade-3 hips that underwent Chiari pelvic osteotomy for the treatment of osteoarthritis, reported a cumulative 10-year survival rate of 72% with a Harris hip score of <70 points as the end point 27 . They concluded that Chiari pelvic osteotomy may be an option for young patients with advanced osteoarthritis who prefer a jointpreserving procedure to total hip arthroplasty and who accept a clinical outcome that is predicted to be less optimal than that of total hip arthroplasty. Okano et al., in a study of 42 patients (44 hips) who underwent rotational acetabular osteotomy for the treatment of advanced osteoarthritis secondary to developmental dysplasia, reported a cumulative 10-year survival rate of 75.0% with radiographic signs of progression of osteoarthritis as the end point and observed that osteoarthritis with a round femoral head was an indication for rotational acetabular osteotomy, even for patients with advanced-stage disease (Table V) 32 . However, patients who have a deformed femoral head in association with advanced osteoarthritis may experience progression to end-stage disease with this procedure. We then considered that VCO may be suitable for preserving joint function in patients with advanced or end-stage osteoarthritis associated with severe dysplasia because of the flat shape of the femoral head.
Toyama et al. reported acceptable results following valgus osteotomy combined with an additional shelf operation for the treatment of hips with a lower preoperative acetabular roof obliquity value, demonstrating that such a method is better for preventing the superolateral displacement of the femoral head (subluxation) 13 . Our results showed that a high degree of acetabular roof obliquity at 1 year postoperatively was a significant prognostic factor for conversion to total hip arthroplasty. The insertion of an autologous iliac-crest bone graft at the acetabular rim is thought to improve the acetabular roof obliquity by increasing the pelvic osteotomy angle superior direction, but there was no significant difference in acetabular roof obliquity when patients with autologous iliac crest bone graft at the acetabular rim were compared with patients without bone graft.
Twenty-four hips (44.4%) underwent conversion to total hip arthroplasty at an average of 10.8 years following the initial osteotomy. Acceptable intermediate-term results following total hip arthroplasty performed after intertrochanteric femoral osteotomy 33 and after Chiari pelvic osteotomy 34 have been reported previously. However, in some cases, total hip arthroplasty after osteotomy is more difficult than normal total hip arthroplasty because the altered bone morphology makes it difficult to insert the stem into the femur. In addition, there are cases in which the range of motion does not improve after total hip arthroplasty because it was previously decreased following the osteotomy. In recent years, there have been reports of periprosthetic fractures at the time of stem insertion after femoral osteotomy 34 . These results indicate that total hip arthroplasty is a technically demanding operation in patients who were previously managed with femoral osteotomy. To prevent periprosthetic fractures, clinicians should be attentive to the needs of patients during planning and implant selection. Moreover, it is better to perform total hip arthroplasty before the range of motion decreases.
VCO is a surgical approach that preserves joint function for advanced or end-stage osteoarthritis associated with severe acetabular dysplasia of the hip in young patients. The postoperative prognosis of VCO was improved in patients with a low degree of acetabular roof obliquity. n
